Abstract: Ireland's "Celtic Tiger" years saw GDP per capita rise from 60% of the EU average to 120% of the average over the course of the 1990s, with a growth in employment of about 40% over the period [1994][1995][1996][1997][1998][1999][2000][2001]. What were the consequences of the boom for returns to education and wage inequality? This paper uses data from the Living in Ireland Survey for 1994, 1997 and 2001 to examine wage inequality, the returns to education and the relative demand for labour for men and women.
Changing Returns to Education During a Boom?
The Case of Ireland
Introduction
Ireland's "Celtic Tiger" years saw GDP per capita rise from 60% of the EU average to 120% of the average over the course of the 1990s, with a growth in employment of about 40% over the period 1994 -2001 (Nolan and Maitre, 2007 . The period saw a remarkable transformation. Popular belief was certainly in rising wage -and income -inequality.
Economists writing about the impact of technology on the labour market in recent years have tended to emphasise the role played by skill-biased technical change, the idea that as an economy grows, technology is biased in favour of skilled workers and against unskilled workers. A large body of evidence documents a striking correlation between the adoption of computer-based technologies and the increased use of university-educated labour within detailed industries, firms and across plants within industries (see Katz and Autor 1999 for a survey of this literature). The idea of skillbiased technological change has primarily been used to explain rising wage inequality in, for example, the UK and the US (Goos and Manning, 2007) . Certainly Harkness and Machin (1999) reported that the wage returns to education continued to rise considerably throughout the 1980s and 1990s in the UK, though returns have been more stable in recent years (Sianesi, 2003; Sloane and O'Leary, 2005) . The pattern of rising returns is also found in the US (Katz and Autor, 1999) . The implication of this theory is that, assuming that the rapid employment growth in Ireland was associated with a rapid growth in high-skilled jobs, this would lead to a rapid rise in wage inequality.
But a more recent paper by Autor, Levy and Murnane (2003) has argued for a more nuanced understanding the impact of technology on the labour market. They argue that technology can replace human labour in more routine tasks but cannot replace labour in non-routine tasks, a point echoed by Keep (2005) . So, while computers can replace precise tasks in manufacturing, and even bookkeeping, tasks such as cleaning and waiting tables cannot be replaced. And in fact, a growth in high-skilled employment may cause an increased demand for low-skilled service jobs. The result is rising relative demand in both high-skilled and low-skilled jobs, but a falling-off in relative demand for jobs in the 'middle', where technical skills have replace human labour. These demand changes will result in rising wages for the high skilled, but wages of the low skilled will be maintained. Given that many low-skilled service sector jobs are often carried out by women, this argument may be even more salient for women than for men.
The problem with demand-side explanations is that they tend to assume that the supply of labour is constant, and in many cases this is not the case. There may be changes in the absolute supply of labour, due to changes in participation, and also changes in the nature of labour supply, in terms of the qualifications of those employed. Thus changes in the returns to education and wage inequality are a complex interplay of changes in demand and changes in supply.
In addition, some industrialized countries have experienced much smaller increase in inequality than in the United Kingdom or in the US (OECD, 2006) . This has focused attention on the role of institutional factors. Countries like Sweden, Germany and the Netherlands, which have seen little or no increase in earnings inequality, have some form of coordinated wage bargaining. This has led to the hypothesis that these wagesetting institutions were the primary factor limiting growth in inequality in these countries (e.g. Blau and Kahn, 1996) . While the Irish labour market shares many characteristics with the UK and the US (e.g. low taxation, low redistribution) in one important respect it differs: centralized wage bargaining was introduced in 1987. This is discussed in more detail below, though note as the entire period of investigation is covered by centralized wage bargaining, it is not possible to directly test its effect on wage inequality.
In fact previous work on Ireland, examining the period 1987-1994, finds little support for the idea that wage bargaining reduces wage inequality, as wage inequality rose exceptionally fast in this period (Barrett et al., 1999) . More recent analysis builds on this work, and finds that wage inequality stabilised in the mid-1990s, attributing this in part to a marked increase in high-skilled inward migration (Barrett et al., 2002) .
In this paper we build on previous Irish work and international literature (see review in Harmon et al., 2000) to look at whether the idea of skill-biased technical change plays out in Ireland at a time of exceptional economic growth. Section 2 looks at developments in the Irish Labour Market as a background to the empirical analysis, reviewing changes in employment, and changes in the institutional context of employment. Following a brief discussion of the data used in Section 3, Section 4 examines wage inequality during the boom. Section 5 then documents the changing educational profile of the Irish workforce. In Section 6 we examine the returns to education for men and women in detail, and how they have changed over the period.
We also consider the changing nature of women's labour market participation, given the rapid rise in participation. We consider both the linear specification of years but prefer the model that compares returns to different qualification levels, which we argue is more appropriate in this case. Section 7 looks at the relative demand for labour. We conclude in Section 8 by summarising the findings from the paper, reflecting on the implications of the findings for the international literature, and speculate on how the returns to education in Ireland might develop in the future. Table 1 shows summary data on some of the principal changes in the labour market since 1994, the year that the labour market impact of the economic boom began to unfold. This followed a period of sluggish growth, 1991 growth, -1993 growth, , with unemployment reaching almost 16% in 1993 growth, (O'Connell, 2000 -a net decline of almost 105,000. This dramatic decline in long-term unemployment was facilitated by an increase in demand for low-skilled employment that complemented increased demand for high-skilled employment at the other end of the occupational structure (O'Connell and Russell, 2007) . Part of the increase in employment, particularly during the latter half of the 1990s, coincided with increased inward migration. Barrett and Trace (1998) show that the educational profile of immigrants was greater than that of emigrants during the 1990s. Barrett et al. (2002) argue that the effect of immigration between 1996 and 1999 was to increase the supply of skilled labour by 3.2% and to reduce wages by 4.7 percentage points. Thus, they argue that immigration helped to restrain wage increases among the high skilled in the mid-1990s.
The Irish Labour Market, 1994-2001

Principal Trends in the Labour Market
Irish Labour Market Institutions
Since 1987 A national minimum wage was introduced in 2000. A minimum wage could lead to a significant improvement in the incentive to work for the unemployed and those engaged in home duties, while also enhancing rewards employment for current employees. These improved incentives would thus be expected to increase rates of participation in the labour force, particularly among women. Nolan et al (2002) found that at the time of its introduction, the majority of employees were already earning more than the hourly minimum: only about 5% of employees surveyed after the introduction of the minimum wage had received an increase in pay as a direct result of its introduction. Nevertheless, it remains possible that the minimum wage may have set a threshold that allowed for increased supply of labour, particularly among women.
In 2001 reforms were introduced to the income tax system to move towards tax individualisation, by which, over a period of three years, each individual whether single or married could set off an individual tax allowance against their own income, but which could not be transferred between spouses. One of the intentions was to stimulate labour supply, particularly of married women. By 2001 about two-thirds of the standard income tax allowance was dedicated exclusively to the individual earner, and just one-third could be transferred to the spouse. Callan et al (2004) 
Section 4: Wage Dispersion in Ireland during the boom
What happened to wage dispersion during this period of rapid economic growth?
Using the Living in Ireland data, we examine two measures (a) the ratio of the highest to the lowest decile in the income distribution, and (b) the coefficient of variation.
Note that wage inequality in Ireland at the beginning of the period (1994) was very high in comparative terms: OECD estimates show the ratio of the highest decile to the lowest ranging from just over 2 in Sweden to over 4 in Ireland, Canada and the US, the three countries with the highest wage inequality using this measure (see Barrett et al., 1999 , Table 2 ).
Within the Irish labour market as a whole, the level of wage inequality fell markedly over the period but most particularly between 1997 and 2001. When the data was split according to gender some disparities again emerged (Table 3) . While earnings inequality fell within the male distribution over both periods, inequality increased slightly in the female labour market from 1994 to 1997 before falling dramatically between 1997 and 2001. Furthermore, the coefficient of variation, which reflects dispersion across the entire wage distribution, remained constant for females while falling for males, suggesting that overall the male wage distribution tightened in a more consistent way over the period.
These findings are broadly consistent with Barrett et al. (2002) who find broadly stable wage inequality in the whole sample in the period 1994-1997 using the same data source. 3 What is striking is the contrast between the period 1987-1994 when wage inequality rose markedly (Barrett et al., 1999; Barrett et al., 2002 Barrett et al., ), and 1994 Barrett et al., -2001 when it fell, particularly in the period 1997-2001. What was happening in the period to wages by educational level? Concentrating on the period 1997 to 2001, Table 4 indicates that wage growth was higher within the lower skilled groupings but most particularly for females with no qualifications, which in turn explains the radical fall in female wage inequality observed in Table 3 .
An obvious explanation for the rapid improvement in the relative position of low skilled females was the introduction of the minimum wage in 2000 which was let at £IR 4.40 at the time. 4 More generally, the results from these descriptive tables indicate that wages grew at both extremes of the distribution, demonstrating that the growth experience in the Irish economy during the late 1990s relied on both high and low skilled labour.
Labour Supply: The Educational Profile of Irish Employees
Before we examine wage returns, we consider changes in the nature of labour supply.
It is immediately obvious from the data that substantial changes took place in the It is unclear what has driven this rapid increase in the relative supply of educated labour although a number of factors present themselves as obvious candidates. Firstly, rising wage rates will have attracted more highly qualified individuals into the Irish labour market through a combination of non-national in-migration, returning Irish nationals and increased labour market participation, particularly among females (Barrett and Trace, 1998; Russell and O'Connell, 2004) . In addition to this, the period will have seen a continuation of the trend of rising educational attainment among new labour market entrants from the educational sector. The nature of flows into the labour market are likely to have contrasted starkly with exits due to retirement which will have contained a disproportionate share of older workers with only few or no qualifications. The consequences of these effects are that the relative supply of poorly qualified labour within the Irish labour market fell off dramatically over the period. While the pattern of rising educational attainment presented in figure 1 is quite dramatic, the rates, timing and nature of change in the composition of labour supply differed substantially across both male and female labour markets. Table 5 Our preliminary assessment of the data suggests that the central predictions associated with any economic boom characterised by SBTC i.e. rising returns to education and increased wage inequality, did not hold in the Irish case. In the next section we examine the wage returns to education in more detail. 
Returns to Education for Men and Women
Here we adopt a more formal multivariate framework to further examine trends over time in the economic returns to schooling in Ireland. We employ a standard wage equation framework and estimate the following two specifications:
Where W is a measure of real earnings, X is a vector of personal characteristics and x i is a measure of experience. Within the standard Mincer equations, S represents years of schooling whereas, in equation 2, Q represents a set of dummy variables that take the value 1 if an individual holds a certain highest qualification and 0 otherwise. In principal, provided that earnings increase linearly with schooling, both specifications should generate identical estimates. However, Heckman, Lochner and Todd (2003) demonstrate that the assumption of linearity may no longer be appropriate and that the Mincer regression estimated on cross sectional data can be misleading in times of economic transition. Given this and the rapid pace of economic growth in Ireland over the period in question, both specifications are estimated. The regressions include controls for time out of the labour market, migrant status, marital status and industrial sector described above. As is standard practice, the models are estimated separately for both males and females with the female equations augmented with a sample selection control. Table 6 Survey, 1994 Survey, , 1997 Survey, , 2001 . Sample restrictions described in Section 3. Includes sector controls -results available from the authors.
The movement in the returns to some of the control variables are also worthy of mention. Most noticeably, the average return to a year of labour market experience fell back from 6.5% in 1994 to just 2.9% in 2001 with the decline relatively evenly spread over both periods (Table 6) The results from the female models are reported in tables 8 and 9. As was the case for males, the return to a year of schooling fell back substantially from 10.5% in 1994 to 7.5% in 2001. However, unlike the male case, the results from Table 8 indicate that, relative to the base case of no qualifications, the return to the lowest level of educational attainment i.e. the lower secondary qualification has fallen markedly since 1994. This is confirmed in table 9, which shows that the premium of intermediate certificates over no qualifications fell by 22% between 1994 and 2001. There was some evidence of incremental effects with the return to a degree over post secondary diplomas \ certificates falling by 16% over the period. Thus, in contrast to the male labour market, the relative position of unqualified females improved somewhat over the period with the position of graduates simultaneously deteriorating suggesting that some reduction in wage dispersion might be expected to have taken place. Again, the In keeping with the male results, the return to female labour experience declined heavily over the period, however, unlike the male case, the rate of decline was more rapid over the 1997 to 2001 period. At a sectoral level the return to manufacturing employment also fell within the female labour market over the more recent period. In line with our supply-side explanation, the regression estimates suggest some shifts have taken place in the nature of female labour market participation. The selection term was positive and significant in the 1994 equation it was negative and insignificant in 1997 and 2001. Table 9 indicates that, in terms of the wage model, the nature of female labour market participation changed most substantially between 1994
and 1997. , 1994, 1997, 2001 . Sample restrictions described in Section 3. Sectoral controls included but not presented.
While the change in the control term suggests that some alteration in the nature of participation may have taken place, the co-efficient is, in itself, uninformative as it may simply be a product of a changing female wage structure. To get a clearer indication of the dramatic change in the scale and nature of female participation over the period, we examine the stage one probits from the selection models estimated in each period with the results suggesting some important changes did indeed take place (Table 10 ). , 1994, 1997, 2001 . 'Parents low educ' indicates that both parents had either no qualifications or lower secondary qualifications.
In 1994 the largest single barrier to female participation was having a child under the age of 6, with this attribute reducing the probability of labour market entry by over 30% in 1994 30% in and 1997 30% in . However, between 1997 The implications of the model for the composition of female labour market supply are difficult to interpret as many of the changes could potentially be associated with changing participation rates at all education levels. However, given the pattern of female labour supply observed so far, we must conclude that the majority of the decline in the marginal effects of the principal attributes usually associated with lower participation i.e. having young children, previous work experience and years spent out of the labour market relate to a rise in educated female labour supply. Note also that there was a rapid increase in women returning to the labour market in this period: Russell and O'Connell (2004) , using the Living in Ireland dataset, find that one quarter of those engaged in full-time in home duties in 1994 made a transition to paid work within the six-year period 1994-1999. This rapid increase in women returners may explain the fall in the return to female experience, particularly if the quality of labour market match declined on re-entry.
Relative demand for labour: 1997 to 2001
Given the rapid changes that have taken place in the educational makeup of the Irish workforce in recent years, the results from the wage equations do not provide an accurate picture of either the direction or strength of labour demand as they do not take account of the radically changing nature of Irish labour supply. To overcome this problem, we estimate the change in the demand for educated labour relative to the no qualifications base case. Essentially, we are measuring the extent to which the relative wages of more qualified workers have held up in the face of rapid increases in their supply as a means of assessing the overall direction of labour demand. We do this by estimating equation 3 for the 1997 to 2001 period. W represents the wage premiums to a particular credential over no qualifications and these are taken from Tables 6 and   8 , S represents the relative labour market shares and σ is the assumed rate at which employers can substitute between the different types of workers. Following Autor, Katz & Krueger (1997) and Harkness & Machin (1999) , we assume that σ will take the value 1.4. 9 Essentially, this provides us with a framework of assessing the overall direction of demand in the economy.
Note that this model is intended to be illustrative and not definitive. We estimate, for example, separate models for men and women, as we argue it would be unrealistic to pool them, given the differences in labour market participation. However, it is possible that female supply will influence male demand and effect overall wages, not just female wages.
We find that the results are very different across the male and female labour markets.
Within the male labour market we find that the demand for unqualified labour has been growing more quickly than that for more qualified workers (Table 8 ). This suggests that the expanding Irish economy required both high and low skilled labour over the period implying that SBTC was not a particularly dominant factor in the Irish context.
Within the female labour market demand was skewed towards educated labour, in particular, those with post secondary qualifications and graduates. However, in the face of such rapid supply change, demand was insufficient to ensure a rising premium for more skilled individuals. Nevertheless, it is important to note that a realistic interpretation of the results of Table 7 is that, rather than any fundamental gender based differences in the nature of labour demand, the growth of the Irish economy facilitated a period of rising female participation which, in turn, led to significant convergence in the structure of male and female employment. 9 Macro models of the Irish economy suggest low substitutability between skilled and unskilled labour (e.g. Bergin and Kearney, 2007) . However, these are long run models, which assume that all inputs are flexible and that firms behaved optimally. Our time horizon is much shorter -4 years. Moreover, the macro models are based on a simple high-skilled/low-skilled distinction that does match with our more detailed educational categories. , 1994, 1997, 2001 . Sample restrictions described in Section 3.
Conclusion
The purpose of this paper was to investigate wage inequality and the returns to education in the Irish labour market during a period of exceptional employment growth. For men we find largely stable returns to education throughout the period, partly explained by a rapid growth in demand for unskilled labour, which helped maintain low-skilled wages. Demand grew for both high and low-skilled males: the boom incorporated many previously unemployed men, many of whom had low skills.
Wage inequality fell in the period. For women we find that, while relative demand was skewed towards educated labour, the scale of supply was such that the premium to a university degree fell. We argue that low-skilled wages were kept up, partly by the introduction of the minimum wage in 2000. Female labour force participation rates rose rapidly, and overall wage inequality fell in the period 1997-2001. Overall, the nature of demand has been such that it allowed women to catch up with men in terms of labour market participation, though the two groups have not yet converged.
In terms of wage inequality in Ireland, there are thus two distinct periods. In the first period, 1987-1994, we see sluggish employment growth and rapidly rising wage inequality (Barrett et al., 1999) . In the second, 1994-2001, the rest of the booming 1990s, we find that wage inequality falls, most particularly between 1997 and 2001.
It remains to be seen how wage inequality has developed since 2001: preliminary estimates suggest that inequality may have risen since, as wages grew more quickly at the upper end of the wage distribution.
As the whole period was covered by centralized wage bargaining, we are not in a position to test the effect of wage bargaining on wage inequality in Ireland. However, preliminary evidence for 2003 suggests that, compared to individual level agreements, national and industry-level wage agreements tend to reduce wage dispersion (Kelly et al., 2007) . This would suggest that the existence of centralized wage bargaining may have played a role in reducing wage inequality, though it is not possible to estimate the magnitude of this effect and it may have been small.
What are the implications of our findings? The Irish case suggests that skill-biased technical change does not apply in the male labour market in this period. Demand did not grow more for highly skilled labour, as predicted. Demand grew for both high and low-skilled male workers. Our analysis lends partial support for skill-biased technical change in the case of women. Demand for high skilled labour did grow more rapidly than for low skills, but because of rapid increases in supply, the premium for high skills did not rise as predicted. The Irish example shows that skill-biased technical change theory needs to take account of both the specific changes in the nature of labour demand and the nature and extent of concomitant changes in labour supply.
